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THE use of iron cylinders, or caissons for foundations of all 
kinds,  has  now become so general as to have  apparently 
excluded, in  this  country  at least, their prototypes, the  brick 
wells of India. Nor is this  to be wondered at;  for the ease with 
which  they can be handled and  put  together,  tho  sharp-cutting 
edge which they  present for the  penetration of the  ground,  and 
their  adaptability  to  what  has been till recently, and  still is wit11 
many, the popular mode of sinking,  have  naturally rendered their 
adoption  the  favourite expedient of the engineer. But  the  high 
price iron  has  now reached, and  the  invention of improved 
apparatus for sinking,  render  this a suihble moment for con- 
sidering  whether  iron  cylinders  are  really,  in  all respects, the 
best that can be procured, and  whether an efficient and cconomical, 
and therefore  preferable, substitute  may  not bc found in concrete, 
brick,  or stone. The object of the  present  Paper  is to descrihe an 
attempt  by  the  Author,  acting  partly  in conccrt with Mr. J. TV. 
Butler, Assoc. Inst. C.E., to  render  these materials more easily 
available for cylindrical foundations. 

Brick  cylinders  demand prior consideration on the  ground of 
their  antiquity. It is well known  that  they  have been in use in 
India for centuries.2 Their  introduction  into  this  country  has more 
than once been suggested, and  there  is reason to believe that  this 
suggestion  has  already  to some extent been acted on ; but probably 
the  Engineers for the  Trustees of the Clyde Navigation  have been 
the first to adopt them on a large scale in connection with a great 
and  important work. 

. __ 
1 The discussion upou this Paper extended over portions of two evenings,  but 

2 Vide Miuutcs of Proceccliugs h a t .  (XL, vul. ii. (lS42), p. 63; xvi., p. 443 
on abstract of the whole is givcrl eonsec,uti\ely. 

ct  s q . ,  and xxviii., 1’. 329. 
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The  expanding commerce of Glasgow and corresponding growth 
in  the  shipping  trade  have for some time rendered an extension 
of quay  and dock accommodation absolutely necessary. The 
number of vessels entering  the  harbour  has progressed in a 
growing  ratio ; and a range of ships, two  or  three deep, along 
the  line of wharves, is a common sight  during a great  part of the 
year. The inconvenience and delay thus occasioned became a t  
length so unbearable, that  in 1869, the  Trustees of the Clyde 
Navigation requested Mr. J. F. Bateman, M. Inst. C.E., and 
Mr. J. Deas, M. Inst. C.E., to consider and  report on the best 
means  for providing a large  and progressive  extension of quay- 
age, suited  to  the  present  and  future  requirements of the port. 
Their  attention was particularly directed to  the necessity of 
obtaining a greater  depth of water  in  the  harbour for the ac- 
commodation of ships of the heaviest  burden. This  result  was 
one not easily attained  in  the deep stratum of running sand  which 
constitutes  the bed and  banks of the  River Clyde. Hitherto,  the 
quays  have been constructed with  ordinary  retaining walls, founded 
by means of cofferdams on piles driven  into  the sand. This system, 
besides being deficient in  strength  and  durability, is open to  the 
objection that  the foundations  cannot  easily  be  carried down so far 
as  to  admit of the bed of the  river  being dredged to  the  depth 
required  by  the  largest vessels of the present  day. Mr. Bateman 
and Mr. Deas accordingly  directed t.heir attention  to  iron cylinders, 
and subsequently,  on the suggestion of the  Author,  to  brick  cylin- 
ders,  which seemed to  him  to be admirably  adapted to  overcome, 
economically and effectually, the difficulties of the  situation. After 
due consideration, they presented to the Clyde  Trustees an  exhaustive 
report;  and  in  the  year 1870, an arrangement  was made with  the 
Author, in conjunction with  the  late Mr. Thomas Brassey, Assoc. 
Inst. C.E., to  construct  in  brick cylinders, to some extent as an 
experimental work, the  Plantation Quay, an extension  westward 
of the  wharves on the  south  side of the Clyde. 

A detailed  description of this  and  similar works, executed, or 
contemplated by  the Clyde Trustees for the  improvement of the 
harbour of Glasgow, might be interesting ; but  the  Author  abstains 
from anticipating  any one to whom it might more naturally  fall to 
bring  them  under  the notice of the  Institution. Accordingly, 
after a  brief introductory description of the  Plantation Quay, he 
will confine his  remarks  to  the novel manner of making  brick 
cylinders,  to the mode of sinking  them, to the form of the ' shoe,' 
and to the  general  arrangements adopted in  the execution of the 
work. 
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The  Plantation Quay is founded on a hundrcd  brick cylinders, 
sunk  in a continuous line close together, so as  to form a length of 
400 yards of quay.  The wells are 12 ft. in  external diameter 
and 2 ft. 4 in.  thick,  thus  having  an  internal diameter of 7 ft. 4 in. 
Their  shape is circular,  except at  the points of contact,  where 
they  are formed with L a tongue  and a groove,’ that is with a 
square projection on one side  and a  corresponding recess on the 
opposite side, alternately  fitting  into  and  sliding down the ad- 
joining wells (Plate 7, Fig. 1). The  cylinders  thus form a con- 
tinuous wall, and  the  ground behind i s  protected from the  disturb- 
ing action of the tides. This  arrangement  was suggested by Mr. 
Randolph, Chairman of the Works Committee, in  place of the 
wrought-iron  tongue which was  originally proposed. 

The  site of the  new  quay was a sloping  bank, pitched with 
stones, which projected into  the  rirer somewhat beyond the  line 
of the cylinders. A trench could accordingly be cut down, pre- 
paratory  to  the  sinking,  nearly to the level of low water,  leaving 
between it and  the  river a ridge, which, though  not adequate to 
exclude the  tide  altogether, was sufficient to  prevent  the influx of 
water becoming inconvenient. The  depth of water outside was 
about 14 ft. at  the ebb, and  the rise of the  tide averaged about 
8 ft.  From  the bottom of the  trench  the  cylinders were sunk 
on the  average  about 36 ft. ; but  the  earth on the river-side was 
removed when the  sinking  was completed, and dredged to a depth 
of 20 ft. below low water,  thus  leaving  about 14 ft. of cylinder 
beneath  the dredged bed of the  river.  The  cyli~~ders were  only 
carried 2 ft. above low-water mark, and were then-in accordanco 
with a suggestion made by Mr. Bateman for the purpose of 
saving expense-firmly re-filled with  the sand and  other  materials 
which  had been excavated; a plug of concrete, however, was first 
lowered through  tho  water  in  discharging boxes to  the bottom of 
the cylinder to give i t  a  proper bcaring,  and to protect the  rest of 
the  filling from any  disturbing influence. In order to  obtain a 
better footing for t,he superstructure, a strong  iron ledgc or lintel 
was laid from cylinder  to  cylinder over the bays left on the 
river-side of the  points of contact; on the  land-side a narrower 
lintel of stone  was laid ; and, to  secure greater  strength, as well 
as to receive the shock of heavy vessels, an  iron  girder wits 
fixed across the  centre of the  cylinder from wall to wall at  right 
angles  to  the  line of the quay. On these  foundations, namely, the 
walls of the cylinders, the  lintels,  and  the cross girders, an  ordinary 
retaining  wall was built UP, 1 1  ft. thick at  the base, hollow ovcr 
tile spaces in  the  cylinders between the walls  and thc girders. 
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The ‘ shoe,’ or ‘ curb,’ as it is also called, is the  circular platform, 
tapering  downwards  to a cutting edge, on which  the brick well  or 
cylinder rests. The  Indian shoe, frequently made of  wood by  the 
natives,  but  generally of iron  by  British engineers, was  the form 
originally specified. It is a flat  annular plate, a t  least equal to  the 
well in  breadth  and  diameter, from which project downwards an 
outer  vertical  iron shell, and  an  inner  shell sloping towards  the  outer 
one until  they meet, thus enclosing a circular wedge-shaped space. 
The objection to  this shoe is  that it wastes iron,  and is cor- 
respondingly expensivc. It is likewise so blunt  as  to present con- 
siderable  resistance to sinking  through firm and tenacious st,rata. 
The  Author accordinglyJdevised the shoe shown on Plate 7, Fig. 8. 
It is a cylindrical  iron shell, or  short  length of iron cylinder, about 
4 ft. 6 in. deep, surmounted  by  an  annular  plate  which  is also 
supported on radial brackets, or feather plates. The  annular  plate 
was  about l ft. 6 in. in  breadth,  and  the bottom courses of brick- 
work, which were bolted to  the  plate, were corbelled until  the  full 
breadth of the  wall  was  attained.  This shoe, besides being less 
expensive, worked satisfactorily ; but from the experience  obtained 
at  the  Plantation Quay, the  Author is of opinion that  the amount of 
iron  might  frequently be further reduced, in  sinking  through 
aoft ground,  by dispensing with  the  slight  advantage of a sharp 
cutting edgc. It is easy, for light soils, to mould a wedge-shaped 
ring of concrete, which need be shod only at   the edge;  nor would 
it be a bold or hazardous undertaking  to  sink such  a ring  without 
any  sheathing at all, if the only  obstruction to be  encountered 
was sand. 

I n  India, it is  the custom to  plant  the shoe ‘in  situ ’ at  the level 
of  the  water,  and  to build on it, brick  by brick,  a length of 
cylinder,  which is then  partially  sunk ; the workmen next build 
up a  fresh length,  brick  by brick, and so building  and  sinking 
go on alternately  until  the whole of the  well  has been sunk. 
This process is simple, requires  little  plant,  and  when  the  number 
of cylinders is small, or when  they are isolated, or  when  time is 
no object, it might be  adopted for brick  cylinders. But  as  the 
Clyde Trustees were  desirous that  the  Plantation Quay should be 
executed with  the  utmost despatch, the  Author determined to 
pursue  the novel course of constructing  the  brick cylinders in 
rings,  in frames placed on  a platform  near  the  line of the quay, 
and  then  to  put  them  together ‘ in  situ ’ after  they  had been allowed 
to consolidate. 

The  general  arrangements necessary to  carry  out  this  plan,  with 
a  view to  the most  expeditious  removal of shoes, cylinders, weights 
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and  apparatus, consisted in  the erection in  the  line of the  cylinders 
of a gauntry of 50 ft. span, with a  steam traveler sufficiently high 
t'o allow light  traveling platforms, carrying  the  excavating  appa- 
ratus,  to pass underneath. Close a t  hand a wooden platform was 
laid down, similar  to those on which  centres are made, with a low 
gauntry  carrying  an overhead steam traveler. On this platform 
the  rings, or annular sections of brick  cylinder,  were moulded in 
frames of suitable size, constructed of wood, in four sections, bolted 
together. The woodwork consisted of two or three  ribs, each of 
three thicknesses of lh-in.  planking, formed to  the circle, nailed 
together,  and  lined  with 1-in.  boarding.  They  were  shaped  .with 
a recess on one side, and a projection on the  other,  to form the 
tongue  and groove already spoken of. Annular  layers of  wood of 
the  shape of the  rings were fixed down to  the platform, in order 
that  their  outer edges might keep the frames in  place;  while 
their  inner edges served as guides in  shaping  the eye of 
the  rings  in  building up the bricks. Four holes, 43 inches 
square, were formed in  the  heart of each ring a t  equal  intervals 
by means of mandrils  set  in sockets in  the  platform, for the 
purpose of cementing and  jointing  the  rings together. When a 
frame  had been fixed in  place, bricklayers proceeded to build up 
the  ring inside with  bricks  and  Portland cement, using  the ccment 
freely so as  to produce a smooth coating on the  outer surface 
of the cylinder, to reduce the  friction  in  sinking  as much as 
possible. Each  ring consumed nearly 2,000 bricks : they were of 
the  ordinary  instead of the  radiated shape,  which, had  time per- 
mitted, would have been preferred as effecting a saving  in ccmcnt. 
The cement, with a view to  strength  and quick setting, was mixed 
in  the proportion of 1 of cement to l of sand. When  the brick- 
work had  partially  set,  the screw  bolts  which secured the sections 
of the frame together were  unfastened, and  the sections rcmoved. 
The  ring was  allowed to  stand  at  least five days to consolidate 
thoroughly,  and it could then be moved either to be fixed in placc, 
or  to be  stored up for future use. It was 2 ft. G in.  high,  and 
weighed  between 9 tons  and 10 tons.  About 1,200 rings,  or about 
3,000 lineal feet of brick cylinder were  manufactured in this way, 
being  about 8,000 cubic yards,  or  about 11,000 tons of brickwork. 
Though only  fourteen  frames  were used in  moulding  this mass, 
they  kept  their shape to  the  last,  and were otherwise  perfectly 
serviceable at  the completion of the work. The removal of the 
rings was effected by means of the  small  trawler commanding the 
frame  platform,  which deposited them on a lorry ; the  lorry  ran 
on rails  up  to  the  line of the  cylinders where the  large  traveler 
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placed them  in position. An instrument  was specially contrived 
for lifting  them  (Plate 7, Figs. 9, 10,11, and 12). It consists of a 
three-armed  frame, having  levers  jointed  to  the  outer  ends of the 
arms, and connected by  three  chains  to a hoisting  chain : these con- 
necting  chains  are of such  length  that when lifting force is applied, 
the  strain  tends  to  draw  in  the upper  ends of the  levers  and  to 
force out  their lower ends. The lower  ends are shaped to catch in 
cavities formed for the purpose in  the bottom  edge of the eye of the 
ring ; so that  when  the  ring  is being  lifted, the  strain  acts  as before 
explained, and  prevents  the  levers being loosened or displaced. 
When  the  ring  has been lowered, the  chains  are slackened, the 
lower  ends of the levers are  drawn  in,  and  the  instrument is 
removed. 

To  prepare for sinking,  the first thing  to be done was to  plant 
the shoe carefully ‘ in  situ,’  and  to  build up the first tier of brick- 
work, which  was bolted to  the shoe (Fig. 8). This  tier was 
about 2 ft. 6 in.  high,  and was splayed out  inside from the 
breadth of the shoe until  the  full thickness of 2 ft. 4 in.  was 
attained.  Rings were then added, and were cemented together  and 
to  the bottom tier  in  the following manner:  three  thin pieces of 
boarding were placed at intervals on the lower  brickwork, and on 
them  the  fresh  ring  was lowered and carefully adjusted ; the  joint 
was pointed all  round outside and inside with cement mortar,  and, 
so soon as  the  pointing  had  sct sufficiently, cement grout  was 
poured into  the  mandril holes, and  well rammed down with a 
plunger so as  to spread and  thoroughly fill the spaces between the 
rings. Bricks  were also inserted down the  mandril holes to act as 
dowels between the  rings,  and  prevent  them moving on each 
other. 

The  sinking of the  cylinders  or columns thus constructed was 
effected by means of the Milroy  excavator (Fig. 8), a  description 
of which  has alre.ady been read before the  Institution.’ I n  order, 
however, to  render  this  Paper complete, it may  be briefly de- 
scribed as a horizontal  frame of iron  with  an outside rim,  to 
which  are  hinged a number of heavy spades. These spades, 
when drawn  in, come together  and form a tray.  The  various move- 
ments  are effected by means of two  sets of chains  attached  to  the 
main  or  hoisting  chain ; the  first  set  are fastened to  the  rim of the 
excavator, and,  when looped up on  a  monkey hook, serve to lower 
the machines through  the  water  into  the ground with  the spades 
open ; the second set  are each fastened a t  one end  to a  spade and 

_.___________ ___~.  ~ ~ 

1 Vide Minutes of Proceedings Inst. C.E., TO]. xxviii., p. 339. 
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at  the  other to the end of the  hoisting chain. When  the machine 
has been lowered with  the spades open, the monkey hook is dis- 
engaged : when the engine  begins to  pull  in  the  hoisting chain, the 
second set of chains  being now the  shorter, come into  play,  drag 
in  the spades through  the ground, and raise the whole machine full 
of earth  to  the  landing-stage  to be discharged. To keep the 
excavator  down while  the spades are  being  drawn  in,  and also to 
assist in forcing them  into  the ground, two chains, called holding- 
down  chains, one fastened to  either side of the excavator, pass 
under pulleys  bolted to  the shoe, up  to  capstans fixed on the 
landing-stage. 

The only novelty  in  the use of the excavator at  the  Planta- 
tion Quay consisted in  the disposal of the small  steam engine 
and  other  apparatus for working  it,  as  well as of the  lorry for 
receiving the  earth discharged, on small  traveling platforms 
running  under  the  great steam traveler.  This  arrangement 
(Plate 7, Fig. 13), was of course special, but  was justified 
by  the  magnitude of the work, and  the speed with which 
it was  desirable  to  carry it on. A steam pipe being  laid  along 
the side of the  staging, steam could be obtained at  any  point: 
so that,  as soon as a cylinder was sunk  as  far  as  was possible 
at  the  time,  the holding-down chains  were  thrown off, and  the 
platform a t  once moved out of the  way, for the  addition of fresh 
rings  to  another  cylinder,  where  the  apparatus  might be in  full 
operation  again in a short time. Another  novelty  was  the pro- 
vision made for taking power from the  engine to wind or unwind 
the holding-down  chains,  which had formerly been worked en- 
tirely  by hand. When  the spades were in  the  ground,  the  at- 
tendants  threw  their  weight on the capstans,  and held on until 
they  felt  that  the cxeavator was  rising;  at  other times, by 
means of the handles, they could bring  in  the a.id  of the engine 
to wind in  the chains by  throwing  the  drums  into  gear. 

The ground through which the  cylinders were sunk differed 
materially from what  had been expected. Thc  borings  dis- 
closed nothing  but  sand;  but,  having been directed rather 
aside from the  line of the cylinders, they failed to show other 
obstacles which seriously retarded  the process of sinking.  The 
first  three cylinders  were impeded by old piles and fenders 
connected with  the coffer-dam for the adjoining quay,  and  by  tie- 
rods, which had to be cut  by a diver ; about a dozen cylinders  in 
the centre of the line encountered a bed of rottcn sandstone from 
2 ft.  to 7 ft.  thick, which, fortunately, dipped until it entirely disap- 
peared ; whinstone and freestone  boulders  were frequently met with, 
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and a nest of these troublesome hindrances had  to be brought  up  in 
sinking  the  last  ten cylinders. The whole of the  sinking, however, 
was effected by means of the excavator, though  many of the boul- 

I ders were of large size, measuring  about 3 ft.  by 2 ft. 6 in. To 
raise these obstacles is an  operation plainly  within  the  range 
of its capabiLities-the spades  seizing any object which they can 
embrace, or which is rugged enough to afford them sufficient hold, 
Freestone  boulders, being more rugged  and  friable  than whinstone, 
were more readily grasped. It sometimes happened that  the 
boulder lay  in such  a  position that a spade  coming down on it 
prevented  the  others from acting ; when  this became apparent, one 
or two spades were removed, and  thus,  after a few attempts, it was 
always  caught  in  the  intermediate space and  brought up. The 
excavator also gnawed its way  through  the  stratum of rock already 
mentioned. 

The difficulty of sinking  was  materially increased, not  only  by 
the close proximity of the cylinders, but also probably by  the 
tongue  and groove, the  cylinders being thus so interlocked that  the 
slightest divergence  from the perpendicular retarded  the sinking. 
Such  divergence was unavoidable, as  the excavation in one cylinder 
affected its  neighbou~s  to  an appreciable extent.  Kotwithstanding 
these  drawbacks, the whole of the one h1mdred cylinders were sunk 
between the  month of August, 1870, and  January, 1872, or  in  about 
seventeen  months. But from that period a large deduction  should 
be made for those occasions on which the  sinking was, from various 
causes, wholly or  partially suspended. The  rate of sinking  was  very 
variable : there were days when, with  three excavators, as much as 
40 ft. were sunk  in  ten  hours;  there were also days exceptionally 
bad, when  only 6 ft. were recorded. A fair  average  per  cylinder 
would be about 4 ft.  per  day ; had  the  cylinders been isolated, the 
average  rate would have been at  least doubled. 

The causes already explained  rendered heavy  weighting neces- 
sary.  Farther  up  the  river,  the  Author  had  sunk isolated iron 
cylinders 80 ft.  through sand, with a load amounting  to 2 cwt. 
per superficial foot of lateral friction. Had  the brick wells 
also been isolated, and  had  the bed of the  river consisted solely 
of sand, it was  calculated that,  with  the  aid perhaps of spare 
brick rings,  they would have required little or no assist,ance 
from loading. rnder   the circumstances, however, a load of 7 cwt. 
per superficial foot of lateral friction  was really  required;  and 
to provide for this load, 900 tons of cast-iron weights were kept 
on the  ground.  The item of weight  was  thus a  very se>,ious one, 
entailing  an  outlay of about S20 per cylinder. For  the sake of 

[1872-73. Ns.] U 
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the  advantages gained in loading and unloading,  as  well as in 
excavating,  the  Author  again resorted to  the system of casting 
the  weights  in a form suited  to  the cylinders. It was not possible 
to pack them  inside,  as was done in  tho  iron  cylinders of the 
Clyde Bridge. They were  accordingly  cast in  circular  rings of 
the same diameter  and  breadth as the brick  wells (Plate 7, Fig. 
13, A.) They were limited  to a thickness of 5 in.,  that  they  might 
afterwards be the more easily  broken up. They weighed about 
5 tons each, and  thus a  heavy  load could be piled up on the 
brickwork  in a small space, and  at  the samo time  there was no 
risk of the load tilting  the  cylinder  by unequal distribution, aR 
is often the case when  rails  or  pig  iron  are used. Further,  they  in 
no way  interfered  with  the  working of the excavating  apparatus, 
and could quickly  and easily be moved from cylinder to  cylindel. 
These advantages were not too dearly  bought  by  the  outlay  in 
special  casting, at  least  in  the opinion of the  Author, who has 
always been strongly impressed by  the expediency of such  arrange- 
ments  as  will  distribute  the  weight equally, and  admit of its re- 
maining on the  cylinder,  during  the course of the  sinking,  in so 
heavy a mass as  to force the  cylinder  in its descent to keep pace 
with  the progress of the excavation. 

The  weighting was effected in  the following manner.  After the 
shoe had been pitched  and made ready, as  many brick  rings  were 
added as could conveniently  be placed undor the  excarating  plat- 
form ; and  in most instances  these, generally 8 in  number,  and 
weighing,  together  with  the shoe, about 85 tons, were sunk as far 
as possible by  their own weight;  there  was  then sufficient room 
to  add  all  the  rest of the  brick  rings,  tho  weight of  whic:h was 
supplemented by  as  many  iron  rings  as  might be required. The 
rate of sinking diminished as  the  cylinder descended, owing 
probably to accumulations of sand in  the grooves, and to the 
fact  that  any  slight divergence of the  cylinders from the per- 
pendicular  told more decidedly at  the  greater depth. Notwith- 
standing  an immense load,  a  cylinder also sometimes hung up ’ 
without  any obvious cause, and  then suddenly went  away ‘ with a 
run,’ occa,sionally breaking a  holding-down  chain, and  burying  the 
shoe in  the sand. On six  or  eight such occasions a diver was 
brought from a neighbouring work to replace a chain ; but if one 
of t,he pulleys  bolted to  the Bhoe was broken, a pulley lowered 
between two leaders was easily  substitufed. In  &inking  the  last 
few feet the  usual load was 62  iron  rings, or about 310 tons, 
which, with  the  weight of the shoe and brickwork-120 tons- 
made 430 tons as thc load necct+sary to  ovcrcome lateral  and 
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vertical friction. When  the resistance was  very  great, owing to 
the presence of rock or other obstacles, the load of iron sometimes 
reached 370 tons. 

Such  was the system  pursued in  making  and  sinking  the 
cylinders of the  Plantation Quay. The question may be  asked, 
‘‘ Why  incur  the  extra expense of the platform, frames, and 
traveler involved in  this system, when  the old plan of build- 
ing  the wells brick  by  brick ‘ in  situ ’ would have been more 
simple and  equally efficient ?” I n  reply, somo minor  advantages 
may  first be mentioned. The use of frames secures straightness 
and  exact  uniformity of size, a reduction of the  external friction by 
a smooth surface, and  an avoidance of the confusion which would 
be  occasioned in  the  line of -the cylinders by the  constant presencc 
of scaffolding and materials, and of bricklayers and  other workmen. 
The chief advantage, however, in  having a number of cylinders 
ready made, is the decided increase in  the  rate of speed a t  which 
such a  work as a quay  wall can be executed. Construction ‘in 
situ ’ involves the periodical suspension of sinking operations for 
a considerable time, generally some days, while a length of fresh 
cylinder is added brick  by brick, and allowed to consolidate ; 
whereas, on the Author’s system, an  equal  length  in  rings can bo 
put  together in  about a day, and. as  the brickwork is already 
thoroughly  set,  sinking  may be resumed the following morning 
with perfect  safety. In short, brick cylinders in rings can compete 
with iron cylinders  in respect of the ease and speed with which 
they can  be put  together.  But it may be objected that a consider- 
able  number of cylinders  might be kept  in  hand  at once,  some 
being  sunk  and more being  built up. Such  a plan is, of course, 
perfectly feasible if they  are  isolated;  but it was found t o  be 
dangerous in  the case of a large  number of cylinders  in  line in 
close proximity ; for, as has  already been pointed out, the excava- 
tion  in a  cylinder has a tendency to  throw  the  neighbouring  cylin- 
ders  out of the perpendicular. They  are  in  this way liable  to 
become EO jammed as  to be altogether immovable, or, at least, to 
rcquire a crushing  weight  to effect their descent. Accordingly, 
the course finally preferred at  the  Plantation Quay was to work . 
steadily ahead with only three  cylinders at  a  time, and also, using 
three excavators, to  carry on the excavation a d  sinking  in  all 
t h e e  equally and simultaneously. 

Before leaving  the subject of brick  cylinders, another  illustration 
may  be given of their application to overcome a difficulty. In  the 
construction of the Glasgow (City) Union Railway, i t  was neces- 
sary  to pass under  the Glasgow and Paisley Joint  Line  at a  point 
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where  the traffic was  constant  and heavy. The  ground  through 
which  the  cutting  had  to be made was of the most treacherous 
description, consisting of a bed of nearly  liquid mud, underlying a 
station, a bridge, and  the  junction of two lines. For  the temporary 
support of the  joint  line,  strong  longitudinal  timbers were laid 
under  the  rails  and sleepers, but,  though carefully  supported, they 
required  constant attention  and  wedging  during  the progress of the 
work. The  top soil was easily removed ; but it appeared so 
dangerous and difficult to  cut  into  the mud and  put  in  the founda- 
tions of the  bridge  and  retaining walls, that  the  Author,  with  the 
sanction of Mr. J. F. Blair, M. Inst. C.E., the Company’s Engineer, 
resolved to us0 brick  cylinders. They were 9 ft. in diameter, and 
rested on a shoe, which consisted simply of a shell of ordinary 
sheet  iron,  $-in.  thick,  with a set of brackets riveted  inside more 
than half way  up.  On  these  was placed a wooden curb,  and on it, 
owing  to  the  want of  room and  the  small  extent of the work, 
a well was by preference built up brick by  brick; it was  splayed 
out  to  the utmost, so as to secure as much  weight as possible, only 
a man-hole being left,  through which the workmen descended, 
and  the excavation was removed. As there was little head-room 
under  the  temporary bridge, the  weighting  there proved a diffi- 
culty  until  the  agent on that  part of the work thought of wedging 
the cylinder under  the beams which carried  the rails above. As 
trains passed very  frequently,  and  their  weight  and  vibration  sent 
down the cylinder a little each time,  by  constantly  tightening 
the wedges, the  cylinders were easily sunk. Twelve  cylinders 
were sunk in this  manner,  six on each side, for the  bridge 
walls, and  eighteen for the  retaining walls, all to the  depth 
of 15 ft., or 4 ft. below formation. They were then filled, shoe 
and  all,  with concrete, and on this foundation  brick  arches were 
turned from centre  to  centre  to provide a proper footing for the 
superstructure.  By  this simple use of cylinders a work was accom- 
plished  safely and economically which,  owing  to the  great compli- 
cation of lines, bridges,  and  station  at  that  point,  might have 
proved very expensive and dangerous. 

Of concrete cylinders, or wells of gravel or broken  stone 
mixed with  Portland cement, some remarks  may now be  offered. 
I n  practical construction they differ from brick wells  only in  this, 
that  they  must be made in frames or moulds, whether ‘ in  situ ’ 
or on a platform, and  that  an  internal as  well as an  external frame 
Inlist be used. Construction on a  platform is preferable, for the 
reasons stated, I:ecause ‘in  situ ’ not  only would the frames be 
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in  the  way of other cylinders, but it is more difficult to keep 
them perfectly upright. In choosing between brick  and concrete, 
the question is chiefly one of expense. When  the  Plantation Quay 
was  started, brick cylinders were the  cheaper;  but now, they 
have become dearer,  as  the price of bricks on the Clyde has 
been nearly doubled. Accordingly concrete cylinders have been 
adopted by  the  engineers of the Clyde Trust for the Stobcross 
Dock and  other  works now in course of execution. When their 
relative cost is equal,  concrete is perhaps to be  preferred, as brick- 
layers,  an expensive and troublesome class of workmen, can be 
dispensed with.  The process is so simple that it can be carried on, 
under proper  surveillance, with  unskilled labour. When  the con- 
crete  has been mixed by  hand,  or  in a mixer, it is discharged into 
the frame, care  being taken  to  ram it well down, so that  it  may  be 
properly consolidated ; the conditions attending  their construction 
are otherwise  much the same as  in  the case of brick. The lowest, 
or wedge-shaped ring, however, can  be  much more easily formed 
of concrete in  a wedge-shaped frame ; and if it is desirable that it 
should be shod, an edge or sheathing  can be inserted in  the frame, 
where it is incorporated with  the concrete. 

In connection with concrete cylinders,  mention may be made of 
the application, by Mr. J. W. Butler, ASSOC. Inst. C.E., of Ransome’s 
artificial  stone, called ‘ apcenite,’ on the same system as  that em; 
ployed by  the Author.  ‘Apmnite ’ is a composition capable of being 
moulded with  the  greatest  nicety  and beauty, and, on becoming 
thoroughly  indurated, of resisting  extraordinary pressure. Mr. 
Butler conceived the idea that  this substance was  admirably 
adapted for the construction of cylinders ; and accordingly, under 
an  arrangement  with Mr. Ransome, in 1871, made and  sank  at  the 
Hermitage Wharf, on the Thames, some experimental  cylinders with 
complete success. They were 8 ft. diameter, and 9 in.  thick. The 
courses or  rings were moulded in fmmes, and were cemented 
together  with  the  mixture of which they were composed. These 
cylinders take a very smooth surface, and,  owing  to  the  strength 
of the composition, may be moulded with  thinner  walls  than 
perhaps would be adopted in  the case of brick and concrete. 

From these illustrations it will be evident  that  by  the use of 
frames or moulds, not only may  the old brick  well  be  constructed 
more quickly  and satisfactorily,  and concrete and  other  materials 
made available for cylindrical foundations, but  every  variety of 
form may be produced suited to every  variety of construction and 
of situation. A further extension of the system is suggested by the 
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difficulty experienced in  sinking loose cylinders  in  lines  or groups. 
This difficulty is to a great  extent overcome:- 

1. By  forming combinations of cylinders,  incorporated with or 
moulded into each other,  and  sinking  them together. 

2. By so shaping  them  that a number of combinations  can, 
if necessary, be tied  into each other  in a simple  and efficient 
manner  after  they  are  sunk. 

Contiguous  cylinders,  when  constructed at  the same time, 
either brick by  brick or in rings,  may be very easily united 
by  forming a band of concrete or brickwork to  tie  them to- 
gether  at  the  points of contact throughout  their  entire  length. 
But a  much more satisfactory  combination may be produced, 
cither  with or without frames, by  incorporating two, three,  or 
more cylinders, so that  their contours  overlap  each  other, as 
shown  in  the  illustrations  given  (Plate 7, Figs. 2 to 7). The 
frame or mould for such an  arrangement may  be made as  large 
as  the  intended combination, with cores or  inner frames for 
the eyes of the cells. If a tier,  or course, is thus constructed on 
a platform, and  is too heavy for the  traveler  to  lift as a whole, 
dividing boards are  inserted in  the frame so as to  cut up the mass 
into sections, which  are cemented together in  place ; the position 
of the  dividing boards  should  be  shifted at every course, so as to 
' break joint.' In devising a shoe for such a combination it must 
be observed that  in  general only the contour of thc figure formed by 
the combination need be shod ; thc  central mass requires no shoe, 
but  at its lower part  ought  to  be  higher  than  the  outer malls, so 
that  the  cylinders become, in fact, in the region of the shoe, a 
single chamber. 

This system of monolithic  combinations  may be applied for 
the foundations of quay  and  river walls, of docks and forts, of 
piers and  abutments,  or wherever  a number of cylinders are to 
be sunk  together  to  support  weight  or  resist pressure. The 
illustrations  given  are confined to  quay walls, and  to  the  circular 
form, which combines the  utmost  strength  with  the  greatest 
economy of material. Fig. 2 shows  a line of cylinders  in com- 
binations of' four, with a vertical half-cylinder sunk behind the 
points of contact and filled with concrete. Pig. 3 shows the 
same combination  with  an  entire cylinder sunk behind the  points 
of contact, and  the  ixtervening space excavated and filled with 
concrete. The object of the back cylinder is to  protcct the ground 
behind from disturbancc by closing the  joint,  and also, by  tying 
back the  superstructure,  to  strengthen  thc wall by a partial counter- 
fort. To  facilitate  the excavation of the enclosed space, angle irons 
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may be driven down at  the corners as  the excavation proceeds to 
keep out  the  surrounding  earth,  and can  be gradually  withdrawn  as 
the concrete which is lowered in  discharging boxes, rises. Figs. 2 
and 3 are shown  merely as efficient arrangements  which do not  in- 
volve great expense ; Figs. 4 and 5 exhibit  the effects of combination 
to  the  greatest  advantage. Fig. 4 is a line of single  cylinders  in 
combinations of four  in  front,  strengthened  by double counter-forts 
at   the joint,s, so that  altogether each  combination comprises six 
cylinders ; Fig. 5 shows two  lines of cylinders  in combinations of 
four for a stronger  and broader wall. Besides the avoidance of 
the  jamming of loose cylinders, the  advantages of both these 
arrangements  are :- 

l. The provision made in  the space between the combinations 
not  only for closing the  joint  thoroughly  by f l i n g  it with con- 
crete, but for rendering  that  part of the  wall  as  strong as any 
other. 

2. The  great increase of strength communicated to  the founda- 
tion, especially in  the  way of resisting  lateral pressure, both  by  the 
combining of the  cylinders  and  by  the  thorough  interlocking of 
the combinations. 

3. The avoidance of the necessity for close sinking of the combi- 
nations, which-to diminish  friction  and  to  prevent jamming-may 
even be placed a few inches apart, provision having been made in 
the concreted space for afterwards closing the joint. 
4. A  considerable saving of expense. 
The  principle of combination illustrated  was  submitted  by  the 

Author  to  the Clyde  Trustees, who adopted it, and  their  plans 
were modified accordingly. They have,  however,  preferred for 
the new works  now in course of execution, the combinations 
shown on Figs. 6 and 7. I n  these the  advantages of the system 
are  to some extent sacrificed ; for instance,  in Fig. 7, not only is 
there  no cohesion among the combinations, but  the  security of 
the unclosed skew-joint  depends on the close contact of the 
cylinders, and  thus  the difficulties arising from friction  and 
jamming  are intensified rather  than removed. 

I n  conclusion, the  Author  will briefly point  out  the  advantages 
which non-metallic cylinders possess in comparison with iron. 
That  they  are applicable to works in  this  country,  and  have 
fallen into  unmerited  neglect,  will  probably  not be disputed. By 
proper  selection of a shoe suited  to  the  strata  to be penetrated, 
the  entering  part  being made sharper  and  longer  in proportion to 
the  density of the  ground,  they can be sunk  with  the same ease 
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as iron cylinders. Thc first expense also, a t  present prices, is 
from 50 per cent. to 75 per cent. in  their favour, with  this 
important difference : an  iron  cylinder  is  after  all  nothing  but a 
skin  to  which a weight-bearing body or lining  must be given; 
whereas brick  and concrete wells, of the usual thickness, are them- 
selves  capable of sustaining considerable pressure. When  the 
weight of the  superstructure is not so great as to render a cemented 
filling  throughout advisable, an excellent  foundation may be ob- 
tained  by  lowering a plug of concrete so as  to close the bottom, 
and  then  filling  the well with sand, gravel, or any ot,her suitable 
material  that  may be a t  hand. I n  short,  iron  cylinders, besides 
being  doarer in themselves, must, when sunk, receive a t  least a 
lining of brickwork or concrete, which, it is  evident, can itself be 
sunk  without  the costly addition of the  metallic skin.  These 
advantages,  representing  both efficiency and econonly, entitle 
columnar  foundations of brick  and concrete to more favour in 
this  country  than  they  have  hitherto received. 

The  Paper is illustrated by a series of drawings  and diagrams, 
from which  Plate 7 has been compiled. 

[ M I : .  J. F. BATEMAN, F.KS., 
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